Representatives from various genera of the order Actinomycetales were investigated by comparative cataloging of their 16s ribosomal ribonucleic acids to establish their phylogenetic relationships. Members of Actinoplanes, Ampullariella, Dactylosporangium, and Micromonospora form one cluster that is peripherally related to the cluster defined by members of Mycubacterium, Nocardia, and Rhodococcus. Streptomyces griseus and strains of Chainia, Kitasatoa, Streptoverticillium, Microellobosporia, and Elytrosporangium are phylogenetically closely related, whereas Streptosporangium roseum is more distantly related to this cluster, Thermomonospora curvata and Geodermatophilus obscurus represent individual clusters. Promicromonospora citrea is a member of the Arthrobacter-Micrococcus-Cellulomonas line of descent. This grouping of organisms is highly supported not only by data from deoxyribonucleic acid-deoxyribonucleic acid homology studies and deoxyribonucleic acid-ribosomal ribonucleic acid cistron similarity studies but also by several common biochemical characteristics of proven taxonomic value.
In the first part of our investigation of the molecular genetic relatedness of sporeforming members of the order Actinomycetales (19), which was based on nucleic acid reassociation studies, we concluded that most of these organisms can be grouped into three major clusters. The first of these clusters includes members of Actinoplanes, Ampullariella, Amorphosporangium, Dactylosporangium, and Micromonospora, the second cluster contains Streptosporangium roseum, Planobispora longispora, and Planomonospora parontospora, and the third cluster contains representatives of various genera of the Streptomycetaceae (i.e., Streptomyces, Kitasatoa, Chainia, Streptoverticillium, Elytrosporangium, and Actinosporangium).
Deoxyribonucleic acid (DNA)-DNA reassociation studies have shown that strains of each of these clusters are closely to moderately related. DNA-ribosomal ribonucleic acid (rRNA) cistron similarity experiments have supported this finding, and, in addition, the data obtained did not reveal any specifically closer relationship between any two of the three clusters.
The most successful method for unraveling the phylogenetic relatedness of higher taxa is comparative analysis of the ribonuclease TIresistant oligonucleotides of 16s rRNAs (4, 5 , 18) . More than 250 species of bacteria have already been investigated by this method, and the resulting phylogenetic tree is an impressive demonstration of its usefulness (5,18). Analysis of 16s rRNAs allows workers to determine the degree of relatedness of distantly related organisms and also provides a key to phylogenetic classification of bacteria (1).
Only a few representatives of the order Actinomycetales have been investigated with this method previously (5, 16, 17) . Extending these studies, we not only included species of the homology clusters defined previously (1 9), but also determined the degree of relatedness between these organisms and strains of Geodermatophilus obscurus, Nocardia astetoides, Thermomonospora curvata, Promicromonospora citrea, and coryneform bacteria.
MATERIALS AND METHODS
All of the organisms investigated in this study are listed in Table 1 . Information concerning the sources of these strains is also presented in Table 1 . Except for Thermomonospora curvata DSM 43183= (type strain), all organisms were grown aerobically at 30°C in 300 ml of yeast extract-peptone-sucrose broth as described previously (19) . The medium for Thermomonospora curvata DSM 43183= was prepared as follows. A 20-g portion of rolled oats was boiled for 20 min and filtered through Whatman no. 1 filter paper. The resulting filtrate was made up to 1, OOO ml, 1 ml of a trace element solution was added (FeS04 7 H20, 0.1 g; MnC12 4 H20, 0.1 g; ZnS04 7 H20, 0.1 g; distilled water, 100 ml), and the pH was adjusted to 7.2. Thermomonospora curvata DSM 43183= was grown aerobically in 500 ml of this medium at 50°C. The purity of each culture was checked microscopically. Bacteria were harvested after 2 to 4 days of growth by filtration through Whatman no. 1 filter paper. " When strains within groups were compared, the following DNA-DNA homology values were obtained: for the group that included strains 1 through 4,18 to 28%; for the group that included strains 5 through 10,28 to 40%; for the group that included strains 15 and 16,20%. When comparisons were made between groups, the following DNA-DNA homology values were obtained (14,19): the group that included strains 1 through 4 compared with the group that included strains 5 through 10,6 to 12%; the group that included strains 1 through 4 compared with strain 11,ll to 12%; the group that included strains 5 through 10 Table 2 lists the oligonucleotide catalogs for the strains investigated in this study, together with the catalogs for sporeforming members of the order Actinomycetales that have been published previously (16, 17) . The SAB values for the strains, various other gram-positive eubacteria, and Escherichia coli and the resulting dendrogram of relationships are shown in Table  1 and Fig. 1 , respectively. More detailed relationships within the clusters containing representatives of the genera Corynebacterium and Nocurdiu (17) and representatives of the genera Arthrobacter, Cellulomonas, Microbacterium, VOL. 33, 1983 PHYLOGENY OF SPOREFORMING ACTINOM YCETALES and Brevibacterium (15) have been published previously.
RESULTS
The sporeforming members of the order Actinornycetales investigated occurred in four lines of descent within the major subgroup of grampositive bacteria exhibiting high DNA guanineplus-cytosine contents ( 5 5 5 mol%). These lines were separated from each other by SAB values of about 0.52 (Fig. 1) .
Promicromonospora citrea DSM 43110T, a highly pleomorphic organism, was found to be a member of a fifth line, which contained arthrobacters, cellulomonads, and oerskovias, as well as brevibacteria, micrococci, and microbacteria and their relatives (data not shown). Members of this line are related to strains in the other four lines of descent at an average SAB value of 0.52.
DISCUSSION
The close phylogenetic relationship which we found among certain species of different genera (e.g., those in the Streptomyces griseus subcluster and those in the Actinoplanes philippinensis cluster) is in accord with data obtained from DNA-DNA reassociation studies (Table 1) and with results of DNA-rRNA cistron similarity studies (19) . Strains in these clusters share DNA homology values of 18% or greater, and the AZ"m(,, values of the DNA-rRNA hybrids are 7°C or lower. On the other hand, the DNA homology values between representatives of the individual clusters are all 13% or less, whereas the ATm(e1 values are 10°C or higher.
The phylogenetic grouping of organisms reported here is strongly supported by common characters of proven taxonomic value (e.g., the chemical composition of the peptidoglycan, the sugar composition of the cell walls, and the lipid composition of the cells). All strains of the Actinoplanes philippinensis cluster exhibit peptidoglycan of the meso-diaminopimelic acid type (variation A l y according to Schleifer and Kandler [13] ). A portion of the diaminopimelic acid residues are hydroxylated. In contrast to other representatives of the order Actinomycetales, alanine is replaced by glycine in position 1 of the peptide subunit of the peptidoglycan (7); this may be a valuable chemotaxonomic character. All members of the Actinoplanes philippinensis cluster contain xylose as a characteristic whole-cell sugar (8, 11) . The cellular fatty acids VOL. 33, 1983 PHYLOGENY OF SPOREFORMING ACTINOMYCETALES 177 (17) .
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of these strains include is0 and anteiso branched acids together with large amounts of unsaturated fatty acids (8), and the major menaquinone of these organisms is of the MK9 (H4) type (9) . All members of the Streptomyces griseus subcluster contain LL-diaminopimelic acid and glycine in their cell walls, but unlike members of the Actinoplanes philippinensis cluster, glycine is involved in the cross-linkage of the peptide subunits, with alanine in position 1 (peptidoglycan variation A37 according to Schleifer and Kandler [13] ). No member of this cluster contains sugars of diagnostic value (11) . The cellular fatty acids of these strains are composed only of is0 and anteiso branched acids, and their menaquinones are predominantly of the MK9 (H8) and MK9 (H6) types (9) . The close relatedness which we found among species from different genera of the family Streptomycetaceae is further corroborated by the results of phage typing experiments; polyvalent Streptomyces phages attack strains of the genera Streptomyces, Chainia, Kitasatoa, Streptoverticillium, Elytrosporangium, and Microellobosporia (12) . Planobispora longispora DSM 43041T and Planomonospora parontospora DSM 43177= are related to Streptosporangium roseum DSM 43021T by DNA reassociation values of 38 and 33%, respectively (19) . Members of this subcluster share a peptidoglycan of the Aly variation (13) . The peptidoglycan of these strains does not contain glycine (13) , madurose is the whole-cell sugar (ll), and all members of this subcluster synthesize 10-methyl branched and 150 branched cellular fatty acids (8) .
Thermomonospora curvata and Geodermatophilus obscurus show a low relationship to each other and are distinct from all other members of the order Actinomycetales. Thermomonospora curvata is not as closely related to Thermoactinomyces vulgaris (Fig. 1) as current taxonomy (3, 6) may indicate. The previous report of a close relationship between Geodermatophilus obscupus and Mycobacterium phlei, with an S A~ value of 0.78 (17) , is in error; although it has not been definitely determined, the data reveal that the strain used in the previous study, Geodermatophilus obscurus Ishiguro 22-28, was mislabeled and cannot be regarded as a strain of Geodermatophilus obscurus. 43005 ' is a member of the My co bacterium-Nocardia-R hodococcusline of descent (17) (Fig. 1) and shows high SAB values when it is compared with Nocardia coralh a , Nocardia calcarea, Brevibacterium ketoglutamicum, and Corynebacterium fascians (SAB, 0.73 to 0.78 [unpublished data]) ; the SAB value is slightly lower ( S A~, 0.69) when this strain is compared with Mycobacterium phlei.
Nocardia asteroides DSM
The placement of Promicromonospora citrea in the enlarged Arthrobacter globifomis cluster (Fig. 1) is not surprising. Strains of this species and of cellulomonads and oerskovias are known to have similar phospholipids (10) and isoprenoid quinones (2). Indeed, the S A~ values indicate a closer degree of relatedness of Promicromonospora citrea to strains of Cellulomonas, Oerskovia, Arthrobacter, and Micrococcus than to members of other genera in this cluster (e.g., Microbacterium, Brevibacterium, and Actinomyces) (unpublished data). The peptidoglycan of Promicromonospora citrea contains alanine, glutamic acid, and lysine at a ratio of 4:1:1, which is similar to the ratio found in arthrobacters and micrococci (13).
The phylogenetic structure of the order Actinomycetales is not always in accord with the classification of these organisms (3, 6). This is not surprising since Actinomycetales classification has been based almost solely on morphological characters and has been performed mainly for identification. Thus, the rather broad groups of organisms that are revealed by 16s rRNA analyses indicate the broad taxonomic value of several chemotaxonomic characteristics, including cell wall components, cellular fatty acid composition, and cellular sugars.
